Chemical context
9,10-Anthraquinone and its derivatives are important molecules as dyes and pigments. As a part of a project on the study of the substitution effects of the anthraquinone ring on optical properties in solution as well as in the solid state, we have been synthesizing new anthraquinone derivatives. Recently, we found that the recrystallization of 1,4-dipropyloxy-9,10-anthaquinone from hexane solution afforded two polymorphs, red prisms and yellow needles, whose crystal structures were different from each other (Kitamura et al., 2015b) . Then we became interested in the effect of the asymmetric substitution pattern of 9,10-anthraquinone because 1,4-dipropyloxy-9,10-anthraquinone is a symmetric molecule along the direction of the molecular short axis. We thought that mono-alkoxylation from quinizarin (1,4-dihydroxy-9,10-anthraquinone) should be effective to gain asymmetric 9,10-anthraquinones along the molecular short axis. We report herein the synthesis and crystal structures of 1-hydroxy-4-propyloxy-9,10-anthraquinone (I) and its acetyl derivative, 1-acetyloxy-4-propyloxy-9,10-anthraquinone (II). ISSN 2056-9890 
Structural commentary
The molecular structures of the title compounds, (I) and (II), are illustrated in Figs. 1 and 2, respectively. In both molecules, the anthraquinone frameworks are nearly planar. However, there is a large difference in the conformation of the propyloxy group; in compound (I), the the propyloxy moiety adopts a gauche conformation [O2-C15-C16-C17 torsion angle = 64. 4 (2) ], and in compound (II), it has a trans-planar (zigzag) conformation [O2-C17-C18-C19 = 176. 1 (3) ]. In (I), there is an intramolecular O-HÁ Á ÁO hydrogen bond forming an S(6) ring motif ( Fig. 1 and Table 1 ). In compound (II), the acetyl group plane (O1/O5/C15/C16) is inclined to the anthraquinone ring system by 71.87 (12) .
Supramolecular features
The crystal packing structures of the title compounds, (I) and (II), are shown in Figs. 3 and 4, respectively. In both crystals, molecules are linked by intermolecular C-HÁ Á ÁO hydrogen bonds. For compound (I), C-HÁ Á ÁO hydrogen bonds along the lateral direction of the molecules are found ( Fig. 3 and Table 1 ): C8-H8Á Á ÁO3 i , C15-H15AÁ Á ÁO1 ii [symmetry codes: (i) Àx + 1, Ày + 1, Àz + 1; (ii) x À . To understand the solid-state optical properties of dyes, revealing the characteristics of the stacking patterns of neighboring molecules is important. In both crystals, the anthraquinone ring systems are arranged nearly parallel, although there is a difference in the molecular arrangement of two neighboring molecules along the stacking directions Molecular structure of compound (II), showing the atom labelling and 50% probability displacement ellipsoids. Table 1 Hydrogen-bond geometry (Å , ) for (I). Table 2 Hydrogen-bond geometry (Å , ) for (II). Figure 1
Molecular structure of compound (I), showing the atom labelling and 50% probability displacement ellipsoids. The intramolecular hydrogen bond is indicated by a dashed line.
Figure 3
Packing of the unit cell of (I), showing short C-HÁ Á ÁO contacts as blue lines.
anthraquinone ring systems is observed for compound (II), on the other hand, compound (I) scarcely shows any overlap.
Regarding the overlap of the anthraquinone ring systems, in compound (I) there is a translational slip, while in compound (II) there is a rotational slip. The shortest distances for overlapping non-bonded atoms in the anthraquinone frameworks are 3.297 (2) Å (C11Á Á ÁC6 v ) and 3.558 (2) Å (C13Á Á ÁC4 
Database survey
A literature search found no reports of crystal structures of 1-hydroxy-4-propyloxy-9,10-anthraquinone (I) and 1-acetyloxy-4-propyloxy-9,10-anthraquinone (II). Other hydroxy-or alkoxy-substituted anthraquinone compounds have been reported: 4-(3-bromopropyloxy)-1-hydroxy-9,10-anthraquinone (Ohira et al., 2016) Packing of the unit cell of (II), showing short C-HÁ Á ÁO contacts as blue lines.
Figure 5
Top view of two neighboring molecules of compound (I) along the stacking direction.
Figure 6
Top view of two neighboring molecules of compound (II) along the stacking direction.
Figure 8
Side view of two neighboring molecules of compound (II). Side view of two neighboring molecules of compound (I). (Kitamura et al., 2015b) , 1,4-dihydroxy-2,3-dinitro-9,10-anthraquinone (Furukawa et al., 2016) , 1,4-diethoxy-9,10-anthraquinone (Kitamura et al., 2015a) , 2-bromo-1,4-dihydroxy-9,10-anthraquinone (Furukawa et al., 2014) , 2,6-dimethoxy-9,10-anthraquinone (Ohta et al., 2012a) , 2,6-dipropyloxy-9,10-anthraquinone (Ohta et al., 2012b) , 2,3,6,7-tetrapropyloxy-9,10-anthraquinone (Ohta et al., 2012b) .
Synthesis and crystallization
The title compounds, (I) and (II), were synthesized starting from quinizarin (1,4-dihydroxy-9,10-anthraquinone), as shown in Fig. 9 Compound (I): A mixture of quinizarin (289 mg, 1.20 mmol), 1-bromopropane (675 mg, 5.49 mmol), K 2 CO 3 (185 mg, 1.34 mmol) in DMF (5 mL) was stirred at 353 K for 3 h under N 2 . After cooling to room temperature, water (60 mL) was added to the reaction mixture. The brown solid that precipitated was filtered off. The resulting solid was solubilized with CH 2 Cl 2. The organic layer was washed with 1 M NaOH to remove the unreacted quinizarin, then washed sequentially with brine, dried over Na 2 SO 4 , and evaporated under reduced pressure. The residual brown solid was purified by chromatography on silica gel with an eluent of CH 2 Cl 2 . The title compound (I) was obtained as an orange solid (132 mg, 46%). m.p. 387.5-389 K. 1 H NMR (400 MHz, CDCl 3 ): 1.14 (t, J = 7.4 Hz, 3H, CH 3 ), 1.91-2.00 (m, 2H, CH 2 ), 4.11 (t, J = 6.6 Hz, 2H, CH 2 ), 7.28-7.32 (m, 1H, ArH), 7.39-7.41 (m, 1H, ArH), 7.73-7.82 (m, 2H, ArH), 8.27-8.31 (m, 2H, ArH), 13.03 (s, 1H, OH). Crystals suitable for X-ray diffraction were grown by slow evaporation of an AcOEt-hexane (>v:v = 1:10) solution.
Compound (II): A mixture of compound (I) (132 mg, 0.47 mmol), K 2 CO 3 (137 mg, 0.99 mmol) in acetic anhydride (5 mL) was stirred at 383 K for 3 h under air. After cooling to room temperature, water (50 mL) was added into the resulting mixture, then the mixture was stirred for 20 min at room temperature. (Farrugia, 2012) and publCIF (Westrip, 2010) .
Figure 9
Reaction scheme for the synthesis of compounds (I) and (II 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 3 . The hydroxyl H atom, H1 of compound (I), was refined isotropically. All other H atoms were positioned geometrically and treated as riding atoms: C-H = 0.95-0.99 Å with U iso (H) = 1.5U eq (C) for CH 3 and 1.2U eq (C) for CH 2 and aromatic C-H.
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1-Hydroxy-4-propyloxy-9,10-anthraquinone (I)
Crystal data 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
C12-C7-C8-C9 0.0 (3) C12-C13-C14-C1 −174.90 (13) C6-C7-C8-C9 179.96 (16) O4-C13-C14-C5 −175.84 (14) C7-C8-C9-C10 −0.7 (3) C12-C13-C14-C5 5.4 (2) C8-C9-C10-C11 0.6 (3) O2-C15-C16-C17 64.4 (2) C9-C10-C11-C12 0.2 (3) C3-C4-O2-C15 −9.3 (2) C8-C7-C12-C11 0.8 (2) C5-C4-O2-C15
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